Abstract. Readily available iron(III) based imidazolium salts have proven to be very versatile catalysts for the allylic substitution reaction of alcohols with anilines, allowing the synthesis of quinolines, 2-allylanilines and 4-allylanilines just by modulating the reaction conditions. Noteworthy, the formation of quinoline derivatives proceeds by orthoallylation of the corresponding aniline and subsequent oxidative cyclization mediated by atmospheric oxygen.
Introduction
The search and development of new strategies towards the design of green and sustainable transformations, which minimize waste production and avoid the use of toxic or expensive reagents or catalysts, is a current challenge for the organic chemical community. Indeed, sustainability is the main goal of green chemistry. [1] In this sense, and in the particular case of allylic substitution reactions, the replacement of the most commonly used 'big' leaving groups (e.g. carbonates and acetates) with the direct use of a hydroxy group, is an attractive strategy from both a practical and environmental point of view, as water would be the only by-product. However, this approach has two main limitations, the poor ability of the hydroxy group as leaving-group and the formation of stoichiometric amounts of water, which could deactivate the catalyst.
Remarkably efforts have been made in the last years in the design of new catalytic systems which can carry out this reaction and overcome these limitations. [2] Recently, iron-based catalysts have emerged as an interesting alternative to other more expensive and toxic metallic catalysts. [3] These ironcatalyts cover a good range of transformations, but there is still room for improvement and new discoveries in the area. Being aware of that, our group, interested in the development and study of efficient, cost-effective and environmentally friendly processes, envisioned the design of different iron(III)-based Lewis acidic ionic liquids (IBLAILs) ( Figure  1 ). This type of metal-ion-containing ionic liquids has received attention in the last years. [4] Indeed, imidazolium-based ionic liquids (ILs) containing anionic iron(III) has been reported for extractive desulfurization of fuel oils, [5] being also effective in the extraction coupled with oxidative desulfurization. [6] Moreover, the 1-butyl-3-methylimidazolium tetrachloro-ferrate has been employed as efficient catalyst in the coupling between aryl Grignard reagents and alkyl halides [7] and in the dimerization of norbornadiene, [8] being possible the recyclability of the catalyst. The threecomponent reaction between an aldehyde, a ß-ketoester and urea (Biginelli reaction) has been performed successfully in the presence of an ironcontaining ionic liquid as solvent and catalyst. [9] The main advantages of these transition metal based ILs are its easy preparation and the fact that they can be used as catalyst in green chemical protocols. Inspired on previous works by Powel and Dyson, [4b,10] we have designed different IBLAILs changing R 1 , R 2 and R 3 groups (Figure 1 ), which have been analysed by ICP-MS (ca 15% of iron, see Supporting Information). The combination of the imidazolium chloride and iron(III) chloride in a 1:1 ratio provided the corresponding ionic liquid with the anion [FeCl4] -, as described by different groups. [8, 11] Next, we studied the catalytic activity of these IBLAILs I-V in the allylic substitution reaction onto allylic alcohols. Herein, we report the results obtained from this study. 
Results and Discussion

Catalytic activity of the iron(III) based Lewis acidic imidazolium salts
The reaction between (E)-1,3-diphenylprop-2-en-1-ol (1a) and N-methylaniline (2a) was chosen as model reaction to optimize the reaction conditions (Scheme 1, Table 1 ). First, the reaction was carried out with 5 mol-% of Fe(III)-based Lewis acidic ionic liquid I ( Figure 1 ) at 25 °C under solvent free conditions. Unexpectedly, a 1:1 mixture of the para and ortho alkylation products (3aa and 4aa, respectively) was obtained, instead of the amination product, although the conversion was low (Table 1 , entry 1). Previous protocols in the literature reveal that anilines as nucleophiles provide the corresponding Nallylanilines as predominant product regardless of the catalyst employed (including iron(III) catalysts) and independently of the aniline derivative. [12] In addition, the reaction between activated alcohols and aromatic compounds to produce C-alkylation products (Friedel-Crafts reaction) has been reported by means of different metal-based catalysts, [13] albeit there are few examples for the formation of C-alkylation products with anilines. [14] Scheme 1. Model reaction for the optimization of reaction conditions.
Rising the temperature to 50 ºC and using IBLAIL I, the same mixture of products 3aa and 4aa was obtained in 32% and 34% of conversion respectively (Table 1, entry 7 ). An increase on the catalyst loading to 10 mol-% or on the temperature to 70 ºC did not produce a significant improvement in the results (Table 1 , entries 8, 10 and 11), albeit a slight selectivity towards compound 3aa was observed at 70 ºC. Next, we performed the reaction at 100 ºC, obtaining full conversion with 10 mol-% of IBLAIL I, and ca. 3:1 selectivity ratio for the para-alkylated product 3aa (Table 1, entry 12 ). Other reaction conditions such as microwave irradiation at 50, 70 or 100 ºC were also tested, but lower conversions to the desired products were observed (Table 1 , compare entries 13-16 with entries 9-12).
The properties of ionic liquids (such as imidazolium salts) vary depending on the size of the different components (i.e. cation and anion), [15] so different substituents in the imidazole nitrogens can modulate the catalytic activity of the salts. Consequently, other Fe(III)-based Lewis acidic ionic liquids, such as II-VI (Figure 1 ), were evaluated as catalysts in the reaction between 1a and 2a. The reactions were performed with 10 mol-% of IBLAIL (II-VI) at 25 and 70 ºC, in order to detect differences in the conversion and/or in the selectivity of the reaction. The use of IBLAILs II-VI provided comparable conversions and similar regioselectivities in our model reaction than catalyst IBLAIL I at 25 ºC (Table 1 , entries 2-6), but different catalytic activity was observed in all cases at 70 ºC (Table 1, entries 11,  17-19, 21 and 23) . While catalysts II and III provided lower conversions than I at 70 ºC (Table 1,  entries 17 and 18) , catalysts IV, V and VI proved to be superior at that temperature (Table 1, entries 19,  21 and 23) . Gratifyingly, when the reaction was performed at 100 ºC for 24 h under solvent free conditions, using IBLAIL V as catalyst, 90% of conversion was obtained with complete regioselectivity towards the para-alkylation product 3aa (Table 1, entry 22) . Salts IV and VI were also tested at 100 ºC (Table 1 , entries 20 and 24), but the selectivity was lower than with V. Using IBLAIL V, the reaction was performed under microwave irradiation (Table 1, entries 25 and 26) , but no improvement was observed. Furthermore, different solvents were evaluated, such as toluene, 1,2-dichloroethane and dioxane (Table 1, entries [27] [28] [29] , all providing, in general, lower conversions and regioselectivities than 'neat' reaction conditions (in the absence of solvent). 
Quinoline synthesis by allylic substitution and oxidative cyclization
Next, we decided to explore para substituted anilines as nucleophiles. To our surprise, the reaction of ptoluidine (2b) with allylic alcohol 1a at 100 ºC in the presence of V (10 mol-%) in the absence of solvent (Table 2 ) provided a mixture of the ortho alkylation product 4ab and the quinoline 5ab ( Table 2 , entry 1). The formation of the quinoline can be explained by an oxidative cyclization process [16] after the allylic substitution reaction. In an attempt to improve the selectivity of the process and favor the quinoline formation, we evaluated different solvents (see Supporting Information) without any success. Only the use of 1,2-dichloroethane provided the corresponding ortho-alkylation product 4ab exclusively in 97% conversion (see Supporting Information). Working under 'neat' reaction conditions and extending the reaction time to 48 h, the conversion to the desired quinoline 5ab increased to 62% (Table 2 , entry 2). Raising the catalyst loading of IBLAIL V to 20 mol-%, provided 92% of quinoline 5ab after 48 h ( benzyl(2-hydroxyethyl)dimethylammonium tetrachloroferrate and benzyl(triehtyl)ammonium tetrachloroferrate) in the absence of an imidazolium cation, were also tested in the reaction. These ammonium salts catalyzed the reaction between 1a and 2b with high conversion but giving a mixture of both compounds 4ab and 5ab (Table 2, entries 7 and  8) . From these experiments, we concluded that the combination of iron(III) source with the imidazolium salt constitutes a better catalytic system in terms of activity and selectivity. IBLAIL V was highlighted as the optimal catalyst for the process, at a loading of 20 mol-%. It is remarkable that the amount of iron(III) employed is about 3 mol-% (20 mol-% of V, which contains ca. 15% of iron, measured by ICP). Less than 10% of the N-allylaniline was observed in the reaction crude together with the starting materials, but neither 4ab nor 5ab were observed. With the optimized reaction conditions for the preparation of quinolines in hand, we examined the scope of the present reaction with different anilines and allylic alcohol 1a ( Table 3) . As mentioned before, p-toluidine was transformed into the corresponding quinoline 5ab with excellent conversion (>90%), being isolated in 70% yield. The electron rich substituted p-methoxy aniline provided quinoline 5ac in high yield (Table 3) , however, the presence of two methoxy groups in the aniline caused lower yields (product 5ad, Table 3 ). Anilines provided with halogen groups, such as chloro and bromo, were also compatible with the present reaction conditions, affording the corresponding quinolines 5ae and 5af, respectively, in good yields (Table 3) .
To broaden the scope to other allylic alcohols we carried out the reaction with cinnamyl alcohol (1b), (E)-4-phenylbut-3-en-2-ol (1c) and its isomeric allylic alcohol (E)-1-phenylbut-2-en-1-ol (1c'). Using p-toluidine (2b) as nucleophile, quinolines 5bb (76% from alcohol 1b) and 5cb (65% from alcohol 1c and 60% from 1c') were obtained as exclusive regioisomers (Table 3 ). This fact can be explained by the stability of the double bond instead of the intermediate formed in the reaction media. [12] Besides, (E)-3-(4-methoxyphenyl)-1-phenyl-prop-2-en-1-ol (1d) produced a mixture of both possible regioisomers 5db and 5db' (in a 2:1 ratio, Table 3 ), being, in this case, lower the difference in terms of stability between both intermediates. 
Mechanistic considerations in the formation of quinoline derivatives
Several test were performed in order to get a better insight into the reaction mechanism for the formation of the quinoline derivatives. First, the reaction flask was flushed with a stream of air, to understand if the atmospheric oxygen was the oxidant agent. Indeed, both yield and conversion of the corresponding quinoline 5ab increased (full conversion and 79% isolated yield). On the contrary, only product 4ab was observed when the reaction was carried out under argon inert atmosphere (Scheme 2). To reinsure that the atmospheric oxygen is the true oxidant in the process, the reaction, under inert atmosphere, was attempted on the ortho-alkylated product 4ab. After 48 h, unaltered product 4ab was obtained as main product, together with a small amount of quinoline 5ab (less than 5%, Scheme 3). In a parallel experiment, 4ab was treated with catalyst V under the optimized standard reaction conditions (air atmosphere), and quinoline 5ab was quantitatively obtained (Scheme 3). These experiments prove the importance of the atmospheric oxygen in our reaction. Consequently, it can be postulated that first the orthoalkylated intermediate 4ab is formed in the reaction media followed by an oxidative cyclization that leads to the formation of the corresponding quinoline. [16] To corroborate this point, the product distribution profiles were obtained for the reaction between 1a and 2b (Figure 2) , under the optimal reaction conditions ( Table 2 , entry 4). From this study, different conclusions can be drawn: (a) the corresponding product of ortho-alkylation (4ab) is formed in more than 90% in the first 5 minutes of the reaction ( Figure 2) ; (b) this intermediate undergoes oxidative cyclization to form the corresponding quinoline during the rest of the reaction time ( Figure  2) . Moreover, the formation of the amination intermediate can be ruled out since it is not detected in the reaction profile. Previous work by others, [12b,17] demonstrates that allylic alcohol (E)-1,3-diphenylprop-2-en-1-ol (1a) could be oxidated to chalcone in the presence of FeCl3·6H2O as catalyst at high temperatures. With this in mind, we decided to test whether this intermediate was involved with our catalytic system, the reaction going through a Doebner-Miller (or Skraup) synthesis. [18] Thus, allylic alcohol 1a was stirred in the presence of IBLAIL V without aniline at 100 ºC, and after 48 h, chalcone (6) was observed as the main product (Scheme 4). Next, the reaction of chalcone (6) with p-toluidine, under the optimized conditions, was attempted, however, only starting materials were recovered after 48 h (Scheme 4). Therefore, the formation of the imine intermediate can be discarded from our mechanistic pathway. Based on these experiments and on similar transformations previously reported, [16] we speculate that the mechanism for the formation of the corresponding quinolines involves an ortho-allylation process and a subsequent oxidation, as represented in Scheme 5. The iron(III) salt assists in the formation of an incipient allylic carbocation (intermediate A), [19] which reacts with the aniline to produce the 2-allylaniline derivative 4 and molecule of water via a Friedel-Crafts reaction. [13] Compound 4 could be in equilibrium with the cyclized tetrahydroquinoline B, although we believe this equilibrium must be shifted towards 4, since the tetrahydroquinoline B has never been observed. Next, the dehydrogenation with molecular oxygen (from air) promoted by iron generates quinoline 5 and two molecules of water (Scheme 5). [20] The oxidation mediated by iron has been described before via a radical pathway. [21] At this point, a control experiment between 1a and 2b in the presence of a radical scavenger (i.e. cumene) [22] under the standard conditions, was performed. After the reaction time (48 h), quinoline 5ab was only obtained in 9%, whereas 2-allylaniline 4ab was produced in 89% conversion. Accordingly, it has been proved that the first step of the mechanism of the reaction is anionic (being the formation of 4ab not affected), but the second step (oxidation to 5ab) involves radicals (process that has been inhibited in the presence of the radical scavenger).
ortho-Allylation of aniline derivatives
Our optimization studies (vide supra) showed that milder reaction conditions favor the formation of ortho-alkylation products. For this reason, we decided to study the scope of the reaction between allylic alcohol 1a and different anilines, at 50 ºC for 2 hours (Table 5) . Under these conditions, the corresponding 2-allylanilines were selectively obtained in good to high yields, without detecting, in any case, the formation of the quinoline via oxidative cyclization. Thus, 4-substituted anilines with electron-donating groups, such as methyl, methoxy and phenoxy, provided the corresponding anilines 4ab, 4ac and 4ah, respectively in good yields (Table  4) . Surprisingly and, to our delight, anilines with electron-withdrawing groups (e.g Br, Cl), which give no reaction or poor results with previously described catalytic systems, [14, 23] allowed the formation of products 4ae and 4af in high yield (Table 4) . Furthermore, this methodology could be successfully extended to anilines bearing strong electronwithdrawing group (i.e. NO2), providing 4aj in high yield (Table 4) . Additionally, when the reaction was performed with 4-ethynylaniline, the product 4ai was obtained with good yield (Table 4) due to a triple bond hydration during the reaction.
Finally, a mixture of both 2-allyl and 4-allylaniline was obtained, when the N-methylaniline was employed as nucleophile. Compound 4aa was isolated in 43% yield under the reaction conditions detailed in Table 4 , although the corresponding regioisomer 3aa was observed in 20% yield. Similarly, the aniline nucleophile containing two methoxy groups at 2 and 5 positions gave a mixture of ortho and para-alkylation products with a preference for the ortho-alkylation product in a 2:1 ratio (compound 4ag in Table 4 and compound 3ag in Table 5 ).
para-Allylation of aniline derivatives
Last, we extended our study on the catalytic activity of IBLAIL V to anilines without para substituents. As far as we know, this class of substrates has been scarcely studied in protocols involving the synthesis of C-allylanilines. [14] As detailed in Table 5 , with our catalytic system, if the para and one or both ortho positions are available on the aniline ring, paraalkylation was preferentially observed instead of ortho-alkylation. In general, the corresponding 4-allylanilines were obtained in good to excellent yields (65-80%) when performing the reaction at 100 ºC as previously optimized (vide supra). Only the 2,5-dimethoxy substituted aniline provided lower results (50% yield). 
Scale up and recycling
The catalytic activity of IBLAIL V was also examined in bigger scale, under neat conditions. Thus, when the ortho-alkylation reaction between 1a and 2b was scaled up to 10 mmol, 1.90 grams of compound 4ab were obtained (64% isolated yield, Scheme 6). Moreover, IBLAIL V could be recovered from the reaction mixture by simple washes with ethyl acetate and centrifugation of the reaction crude. The recovered IBLAIL V showed catalytic activity for the next three cycles, although a slight decrease in activity was observed (range 80-70% conversion, see Supporting Information). This fact maybe due to the reaction being carried out on a 10 mmol scale. 
Conclusion
To conclude, we have demonstrated the efficacy of Fe(III)-based Lewis acidic ionic liquids, which are easy to prepare, as catalyst for the allylic substitution reaction of alcohols with anilines. In contrast with previously reported iron catalyzed procedures with allylic alcohol and anilines, IBLAIL catalysts did not promote N-allylations, but C-allylation reactions. C. a. 3 mol-% of iron is employed in the different transformations, given that 20 mol-% of the IBLAIL is used as catalyst, which contains ca. 15% of iron.
The catalytic system proved versatile. Modulating the reaction conditions (temperature, reaction time), the catalytic system can be employed selectively in the preparation of quinoline derivatives, 2-allylanilines and 4-allylanilines. The synthesis of quinolines, in a one pot reaction, involved an allylic substitution reaction in the ortho-position of the aniline and a subsequent oxidative cyclization promoted by atmospheric oxygen.
Experimental Section General
All reagents and solvents were used as supplied commercially. Analytical thin-layer chromatography (TLC) was performed on 0.2 mm coated Science silica gel (EM 60-F254) plates purchased from Merck, Germany. Visualization was achieved by UV light (254 nm). Flash column chromatography was performed using silica gel and a gradient solvent system (hexane-ethyl acetate as eluent).
1 H and 13 C NMR spectra were measured on 300 and 400 MHz spectrometers and the residual solvent peak was used as an internal reference: proton (chloroform δ 7.26 ppm) and carbon (chloroform δ 77 ppm). Chemical shifts (ppm) were recorded with tetramethylsilane (TMS) as the internal reference standard. Multiplicities are given as s (singlet), brs (broad singlet), d (doublet), t (triplet), dd (doublet of doublets) or m (multiplet). The number of protons (n) for a given resonance is indicated by nH and constant coupling are reported as a J value in Hz. The conversion of the reactions and purity of the products were determinate by GC analysis using a Younglin 6100GC, equipped with a flame ionization detector and a Phenomenex ZB-5MS column (5% PH-ME siloxane): 30 m (length), 0.25 mm (inner diameter) and 0.25 μm (film) General procedure for the quinoline synthesis.
To a 10 mL tube, IBLAIL (20 mol-%), the corresponding allylic alcohol (0.5 mmol) and aniline (0.5 mmol) were sequentially added. The resultant reaction mixture was stirred at 100 ºC for 48 h in an open vessel. After this time, the reaction was diluted with ethyl acetate (5 mL) and washed with water (3×10 mL). The organic extract was dried over anhydrous MgSO4. The solvent was removed under reduced pressure to provide the crude product, which was purified by flash column chromatography on silica gel using hexane-ethyl acetate as eluent.
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[30] 1 H NMR (300 MHz, CDCl3): δ = 2.57 (s, 3H), 2.74 (s, 3H), 7.14 (s, 1H), General procedure for the 2-allylanilines synthesis.
To a 10 mL tube were successively added IBLAIL (20 mol-%), allylic alcohols (0.5 mmol) and aniline (0.5 mmol). The resultant reaction mixture was stirred at 50 ºC for 2 hours. After this time, the reaction was diluted with ethyl acetate (5 mL) and washed with water (3×10 mL). The organic extract was dried over anhydrous MgSO4. The solvent was removed under reduced pressure to provide the crude product which was purified by flash column chromatography on silica gel using hexane-ethyl acetate as eluent. 2-(1,3-Diphenylallyl)-N-methylaniline (4aa) 2-(1,3-Diphenylallyl)-4-methylaniline  (4ab) . [14] Orange oil; 1 (11) . -2-(1,3-diphenylallyl) aniline (4ac). [14] (18) . -2-(1,3-diphenylallyl) aniline (4ae). (E)-1-(4-Amino-3-(1,3-diphenylallyl)phenyl) 2-(1,3-Diphenylallyl)-4-nitroaniline (4aj) . [16] General procedure for the ortho-alkylation products. To a 10 mL tube were successively added IBLAIL (20 mol-%), allylic alcohols (0.5 mmol) and aniline (0.5 mmol). The resultant reaction mixture was stirred at 100 ºC for 24 hours. After this time, the reaction was diluted with ethyl acetate (5 mL) and washed with water (3×10 mL). The organic extract was dried over anhydrous MgSO4. The solvent was removed under reduced pressure to provide the crude product which was purified by flash column chromatography on silica gel using hexane-ethyl acetate as eluent. 4-(1,3-Diphenylallyl)-N,N-dimethylaniline (3ak) . [32] (11) . 4-(1,3-Diphenylallyl)-2-methylaniline (3al) . [14] -6-(1,3-diphenylallyl) aniline (3an). [14] Yellow oil; 1 
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